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Instant symposiuM

Citizen science is becoming in an integral part of entomologi-
cal research and education.  Large-scale, long-term research 
projects, vital to the study of ecological interactions, are often 

prohibitively expensive and difficult to manage without input from 
citizen scientists (Silvertown 2009).  For educators and students, 
involvement in entomology research can provide a valuable educa-
tional opportunity by incorporating professional development for 
teachers and a hands-on, social learning environment (Krasny 2005).

Considering the importance placed on the educational benefits 
of outreach efforts in scientific research, it is surprising that little is 
known about its actual impact on education.  Although participation 
in citizen science research has been correlated with communica-
tion that reflects scientific thought processes, it is unclear whether 
this change was a result of the participation itself, or the result of 
having a forum for engaging these thought processes (Trumball 
et al. 2000).  For example, in a study of citizen participants in an 
avian study, it was clear that volunteers had increased their basic 
knowledge about bird biology, but showed no significant change 
in their actual understanding of scientific processes or in their at-
titudes toward the environment and science in general (Brossard et 
al. 2005).  However, efforts to explicate scientific issues and address 
misunderstandings about scientific processes by the professionals 
leading citizen science-based research projects could significantly 
enhance the educational impact of volunteer–scientist interactions 
(Trumball et al. 2000; Brossard et al. 2005).

The highly competitive funding environment in the sciences 
often means that trained professionals, such as research assistants, 
graduate students, and postdoctoral fellows, are not available to as-
sist with the field and laboratory work that is necessary to address 
hypotheses at appropriate temporal and spatial scales (Cohn 2008).  
Volunteer researchers can fill this gap, if protocols are straightfor-
ward and the necessary training is not overly complex (Cohn 2008; 
Silvertown 2009).  A multitude of ecological studies have utilized 
citizen scientists to achieve large amounts of publishable data (see 
articles by Dyer et al., Losey et al., and Oberhauser in this issue).  Fur-
thermore, public funding agencies accountable to citizen taxpayers 
are increasingly interested in supporting research with a broader 
educational impact (Cohn 2008; Silvertown 2009).  Therefore, the 
benefits of incorporating volunteer efforts, especially those of teach-
ers and students, into entomological studies may reach beyond the 
databases compiled by these efforts by making research projects 
more appealing to the funding agencies that support them.

The benefits of citizen scientist projects are multifaceted and 
far-reaching.  Ideally, the interaction should benefit both the citizens 
(e.g., education) and the professional scientists (e.g., quality data) 

participating in the project (Silvertown 2009).  In this article, we will 
discuss how citizen scientist participation in our study has impacted 
the educational goals of teacher participants and had sustained ef-
fects on the students they teach. We will also illustrate an example 
of how student volunteers can demonstrate progressive mastery 
of scientific processes while taking part in a research project.  Ad-
ditionally, we will highlight some of the benefits our research team 
has derived from this interaction. Considering the relatively small 
effort invested in training them, we argue that incorporating teacher 
and student volunteers into scientific research can yield cascading 
effects on science education.

Materials and Methods
The Project. The “Climate Change and Caterpillars” (CCC) project 

is a large-scale, long-term, collaborative study supported through 
the Earthwatch Institute.  Research expeditions provide an oppor-
tunity for citizen scientists to participate in studies of tritrophic 
interactions among plants, caterpillars, and parasitoids.  Citizen 
scientists play an invaluable role in this project, as the tasks as-
sociated with collecting, rearing, curation, and data management 
are generally accessible to non-scientists with a modest amount 
of training and time.  Additionally, these tasks are labor- and time-
intensive, even for the most highly trained experts.  The project in-
corporates volunteers from all over the globe and from a multitude 
of backgrounds, including teachers and high school students whose 
participation is supported by competitive fellowships.  Teams are 
allowed the flexibility to undertake smaller “side projects,” provid-
ing an opportunity for participants to contribute to the early stages 
of experimental design in addition to data gathering.  Details about 
the more specific field and laboratory methods can be found in Dyer 
et al. 2011 on page [15] of this issue.

Location. Fieldwork associated with the CCC project in Louisi-
ana has taken place in bottomland hardwood forests, cypress-tupelo 
swamps, transitional marsh habitats, and urban fragments.  Most 
collecting efforts have focused on the Pearl River Wildlife Manage-
ment Area, a 35,000-acre area that was heavily impacted by hur-
ricanes Katrina and Rita in 2005, but the database also includes 
many other locales from natural forests and urban environments 
in Louisiana.  Data collected at this site is complementary to data 
collected using the same methods at other sites in North America 
and the tropics (summarized in Dyer et al. 2011, this issue).  The 
range of sites included in this project represent continental-scale 
gradients, such as latitude, elevation, disturbance, and climatic 
variability.

“Live From the Field” Teacher Teams. Since 2007, the Earth-
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watch CCC project location in Louisiana has been a host site for K-12 
teacher “Live From the Field” (LFF) fellows from all over the United 
States.  These teams consist of teachers awarded philanthropic 
fellowships funded by HSBC (Hong Kong and Shanghai Banking 
Company), Wells Fargo, and the National Geographic Education 
Foundation to gain first-hand field and laboratory research experi-
ence.  Seven teams have been hosted to date, with a total of 38 LFF 
fellows completing the expedition.  During the eleven-day expedition, 
teacher volunteers communicate daily with their students via live 
video chat and Internet blogging (Fig. 1).  Lessons based on scientific 
processes, natural discovery, and entomological identification are 
disseminated to students in real time, as the teachers themselves 
are learning.  This program changes many pre-existing impressions 
about science and entomology for many teachers and students, as 
they jointly experience research under challenging field conditions, 
share in the excitement of hunting for new creatures, and learn about 
uniquely complex life cycles and life histories of the insects of the 
Louisiana swamps. 

Survey. In September 2011, I conducted an informal online survey 
of former participants in the Caterpillars and Climate Change project 
about their experiences in the program and their impressions of 
how it has affected their teaching.  Of the 38 Live From the Field 
fellows contacted, 21 participated in the survey.  The respondents 
that provided information about the state where they teach repre-
sented the following states: California, Connecticut, Illinois, Maine, 
New York, and Virginia.  Teachers from all grade levels K-12 were 
represented in the sample, with 60% teaching in the fourth through 
eighth grade range. 

Student Challenge Awards Program. In the summer of 2011, 
the first “Student Challenge Awards Program” (SCAP) team to be 
hosted at the Louisiana site fielded with 12 female high school stu-
dents ranging in age from 16 to 18.  Student participation included 
two weeks of field and laboratory work supported by a grant from 
the Durfee Foundation.  In addition to the responsibilities of field 
and laboratory research, student volunteers were required to keep 
daily journals and create a Web page documenting their experiences, 
learning, and research progress.  Students on this team also had the 
opportunity to take part in a unique short-term study completed 
during the span of the expedition. 

Feeding Tropism Study. In August of 2011, the Louisiana SCAP 
team initiated a study aimed at testing the hypothesis that specialist 
moths of a new species of Caloptilia (Gracillariidae; Davis et al. in 
prep) preferentially feed on the new leaves of the invasive Chinese 
tallow tree, Triadica sebifera.  (Please refer to Fox and Hazen 2011, 
on page 32 of this issue for more information and background about 
the host plant and focal herbivore, hereafter referred to as “tallow 
leaf roller.”)  Student researchers located stands of T. sebifera and 
demarcated 10 m diameter plots, each centered on an individual 
tree.  For all T. sebifera within the plot, students measured diameter 
at breast height (DBH), and estimated the number of leaves and 
percent damage due to herbivory.  Three branches per tree were 
randomly harvested and placed in Ziploc bags for transportation to 
the laboratory.  In the laboratory, students used stereomicroscopes 
to search the branches for evidence of tallow leaf roller damage and 
measured the distance of each damaged leaf to the apical meristem 
of the branch.  Because tallow leaf roller damage varies by life 
stage, students also determined whether the observed damage was 
caused by a mining caterpillar (early larval stages; ~1.5-3 mm) or 
an externally feeding leaf-roller (late larval stage; ~3.5-4.5 mm), or 
if the moth had pupated (as evidenced by an active pupa or pupal 
casing; ~4.5 mm).  The study was designed with the participation of 
the student volunteers, who also collected, compiled, and analyzed 
the data using Microsoft Excel. 

Teachers as Citizen Scientists: Sustained and Pervasive 
Impacts on Education

“THIS is the kind of learning that makes an impact and is what 
students will remark about 10+ years down the road.”

–LFF teacher fellow

The results of the survey of 21 former LFF teacher fellows that 
participated in the Louisiana CCC project indicated that, on average, 
teachers taught approximately 100 students per year.  When asked 
to estimate how many students had been exposed to their curricu-
lum since participation in the project, the sum of all students was 
5,170.  It is noteworthy that the majority of respondents fall in the 
fourth through eighth grade teaching range, because instructional 
experiences among middle-school-aged children have been shown 
to be associated with ongoing engagement in scientific pursuits 
(Gallagher et al. 1996).

All of the teachers indicated that they had a changed perception 
of insects after volunteering on the CCC project.  When asked if the 
changes they had incorporated into their curriculum after the project 
had changed their students’ perceptions about insects, 95% an-
swered “yes.” Three quarters (76%) of survey respondents reported 
a change in their success in achieving the educational standards and 
benchmarks for their home state as a result of their participation in 
the project.  The same number also stated that they had shared their 
experiences as an Earthwatch volunteer outside of the classroom 
(e.g., conference, nature center, etc.). Sixty-two percent reported that 
their participation in the CCC project had also indirectly influenced 
their teaching colleagues.

Of the 21 respondents, 19 are responsible for curriculum involving 
science.  Figure 2a illustrates that all science teachers noted a differ-
ence in the way they teach science as a result of their participation 
in the CCC project; teachers also noted impacts in other subject 
areas as a result of citizen science participation (Fig. 2b). Most felt 
that they had noted a “very significant effect” in the way they teach 

Fig. 1. Live From the Field Teacher Fellow, Cathy Longley-Cook, using 
a Web-based live video conference to teach her eigth grade students 
in Natick, MA lessons about plant-animal interactions and scientific 
processes in real time from the field station in Slidell, LA.  The caterpil-
lar rearing chambers can be seen in the background.  Photo courtesy of 
Allan Jung, MetroWest Daily News.
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(n = 10), while four said that they had completely changed the way 
they teach science after the Earthwatch expedition. Twenty of the 
respondents indicated that they had incorporated changes into their 
teaching curriculum as a direct result of the project and in every case 
stated that the changes are still in practice, even though for some it 
has been years since their participation.

The results of this survey illustrate that teacher participation in 
entomology research can have a disproportionately large, indirect 
influence on hundreds of students throughout the duration of their 
career.  Seven LFF teams have come to Louisiana since 2007, each 
requiring approximately two eight-hour days of training by field staff 
prior to beginning full-time fieldwork.  If the results of the study can 
be extrapolated to all 38 LFF fellows to include the 17 not represented 
in the survey, then the education of over 9,000 students has been 

affected by the 14 days of training the research team has invested 
in this program over the past five years.

Involvement in entomological research can serve to transform 
teachers into ambassadors of entomology and the scientific process.  
The specific changes to curricula reported by the teachers indicate 
that the accessibility specific to entomological research (i.e., insects 
are everywhere, free, and no one cares if children kill them) played a 
major role in adapting improvements into their science classrooms.  
Real-life investigations of life cycles and predator-prey systems 
can be observed over relatively short timelines appropriate to the 
temporal and monetary budgets of most schools.  Many teachers 
successfully incorporated scientific studies of their own using insects, 
and remarked that the most important lesson their students learned 
was that anyone can “do science.” These comments suggest that 
the students’ eyes are being opened to the possibility that they can 
become scientists. We are encouraged by this because students who 
envision themselves becoming scientists as adults are more likely to 
actually pursue and attain degrees in a science- or technology-related 
field (Tai et al. 2006).  In a time when anthropogenic change has es-
sentially tamed many wild creatures and their natural interactions, 
the insect world is just as wild as it has ever been—an ideal forum 
for igniting student enthusiasm for the natural world and illustrating 
that it can be accessible to nearly anyone. 

Our findings parallel the results of a study that reported increased 
self-efficacy among elementary science teachers after participation 
in field research (Cannon and Lawrence 1996).  However, it should 
be noted that the respondents to our survey are likely to represent a 
portion of volunteers with above-average enthusiasm in an already 
ambitious sample of schoolteachers.  Some teachers may be less likely 
to participate in professional development programs and subsequently 
incorporate what was learned into the curriculum in a meaningful 
way.  However, if the average teacher were even half as successful at 
creating change in the science classroom as a result of participation 
in a citizen science project, the positive influence on education of the 
exposure to research would still far outweigh the costs.   

Feeding Tropism Study: An Example of Student 
Mastery of Scientific Processes(?). The feeding tro-
pism study was started and finished over the course 
of seven days.  Student participants were involved in 
the inception and design of this project, with guid-
ance from the supervising researchers.  Students 
were wholly responsible for sample collection and 
processing, and the organization and analysis of the 
resulting data. The results of the feeding tropism 
study support the original alternative hypothesis 
that the tallow leaf roller preferentially utilizes 
newer foliage, closer to the apical meristem (Fig. 3; 
this graph was produced by the students and has not 
been altered by the authors).  Most research teams 
participating in the CCC project in Louisiana work 
primarily on building the large, existing database, 
using pre-established collection and processing 
methods.  In this case, students responded enthu-
siastically to exploring a new, untested hypothesis 
and methods.  In the field, students contributed 
suggestions that helped to improve the study design.

We believe that the successful execution of this 
study demonstrates student mastery of scientific 
processes.  On the other hand, we realize that these 

Fig. 2a. All Live From the Field fellows that teach science (n = 19) re-
ported a perceived difference in the way they teach science as a result of 
their participation in the Earthwatch Climate Caterpillars project.

Fig. 2b. Earthwatch Live From the Field teacher fellows reported the perceived effect that 
participation in the project had on their teaching. Note that some teachers are respon-
sible for multiple subjects, while others only teach one. Note that values are presented as 
percentages of the total number of respondents responsible for teaching each subject: 
Science, n = 19; Math, n = 10; Art, n = 3; History, n = 6; Social Studies, n = 8; Reading,  
n = 10; ESL, n = 5; Physical Education, n =2.
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students were exceptionally high-achieving and may have pos-
sessed this mastery when they arrived.  To objectively determine if 
the presumed effects on students’ scientific thought processes are 
a result of participation in this project, we are considering several 
approaches.  For example, a self-assessment similar to that presented 
to the teacher volunteers could be distributed to the 2011 SCAP stu-
dents, but the sample size would be small.  A more robust approach 
could include a pre-assessment before the students arrive, followed 
by an exit assessment at the end of the expedition.  We are already 
committed to host another SCAP team in the summer of 2012, where 
we hope to apply this methodology.  Other types of research teams 
include high-school-aged participants with no precondition that they 
are academically high-functioning.  These participants could serve 
as a control group to correct for the effects of previously attained 
scientific abilities.

Impacts of Citizen Science on the Project. With the assistance of 
volunteer researchers, the Louisiana CCC project has amassed a natural 
history rearing database with over 14,000 individual Lepidoptera and 
a vegetation assessment database for over 300 plots.  These databases 
represent thousands of collective hours of natural history observa-
tions from the field and laboratory that would not have been possible 
without the many small armies of citizen scientists that assist in collec-
tion, rearing, data entry, and curation efforts. Moreover, the tritrophic 
interaction surveys conducted in Louisiana are a valuable component 
of the larger matrix of the CCC project, in which identical surveys from 
many different locations and habitat types can be compared to address 
hypotheses about the influences controlling these interactions.  Early 
stages of this database contributed to a study of the effects of climatic 
variability on parasitism rates (Stireman et al. 2005), which found that 
the two variables are negatively correlated and predicts increases in 
herbivore outbreaks with increasing climatic variability. Teacher and 
student volunteers at this site have assisted in the collection of data dur-
ing several such outbreaks, which will allow us to track the interactions 
of outbreaking herbivore species and their parasitoids.  The Louisiana 
database also was incorporated into a between-site comparison using 
traditional diversity measures versus a new measure of diversity of 
interactions (Dyer et al. 2010). 

In closing, we feel it is important to mention a practical benefit 
of involving teacher and student volunteers in research.  The CCC 
project is almost entirely funded through corporate and phil-
anthropic donor support, much of which is explicitly tied to the 
mutually beneficial interactions between professional scientists, 

students, and educators.  Unfortunately, not all projects can be 
funded through Earthwatch; nevertheless, there may be a financial 
benefit for any researcher who involves teachers and students in 
their research.  For every dollar of grant money, there are a number 
of equally worthy proposals.  While grants should be judged first 
and foremost on the merits of the research they propose, it is easy 
to imagine that among equally impressive research proposals, the 
scales of a granting committee’s favor could be tipped by a compel-
ling broader impact statement.  What broader impact is there than 
hundreds of school children receiving superior science education 
for every teacher involved in one’s research?  
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Fig. 3. Feeding tropism 
study. SCAP students 
assessed evidence of 
Caloptilia herbivory 
and measured the 
distance (cm) from 
damaged leaves to the 
apical meristem (n = 
800). Results support 
the hypothesis that 
Caloptilia preferential-
ly utilize new leaves.
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